Abstract Effect of traditional fermentation on the proximate composition, soluble sugars, amino acids, enzymes inhibitor activities, phytic acid, and tannins were investigated in the pearl millet flour during preparation of lohoh bread. During 24 h fermentation, protein and lipid contents were not significantly (P > 0.05) changed. Carbohydrate content significantly (P > 0.05) decreased with parallel increase in soluble sugars. Amino acid analysis revealed that fermentation significantly (P > 0.05) decreased glycine, lysine and arginine contents. Fermentation was found to cause significant reduction in trypsin and amylase inhibitors activities and the phytic acid content. Tannin content of the pearl millet showed significant (P < 0.05) increase after fermentation.
Introduction
Pearl millet (Pennisetum glaucum) is a major food staple in semi-arid and arid lands of Africa and Asia. Pearl millet is well adapted to drought and sandy acid soil of low fertility. The crop ranks as worlds' fourth most tropical food cereal. The nutrient composition of pearl millet indicates that it is a good source of energy and protein (Gassem and Osman, 2008; Ouattara Cheik et al., 2006; Sawaya et al., 1984) . Essential amino acid profile revealed that pearl millet is 40% richer in lysine and methionine and 30% richer in threonine than in protein of corn (Burton et al., 1972) . Nutritional studies indicated that metabolized energy of pearl millet for non-ruminant animals is approximately equal to that of maize (Fancher et al., 1987) . As with other cereals certain nutritional inhibitors, such as enzyme inhibitors, phytic acid and tannins are associated with pearl millet. These factors affect the nutritional value of the grain by inhibiting protein and starch digestibility and mineral bioavailability. Several methods have been employed to improve the nutritional quality of cereals. Fermentation is one of the oldest methods and widely used process of cereals such as sorghum and millets. Many investigators have reported that fermentation can be effectively used for improving nutritional quality of cereal grain by increasing protein content and digestibility (Inyang and Zakari, 2008; Ali et al., 2003; El Hag et al., 2002) and available lysine content and relative nutritive value (Hamad and Fields, 1979) . Fermentation was also found to decrease trypsin inhibitory activity (TIA), amylase inhibitor, activity, phytic acid, and tannins (Osman, 2004; Ejigui et al., 2005; Eltayeb et al., 2007; AbdelHaleem et al., 2008) .
In Saudi Arabia, the pearl millet is grown in South-West region of Jazan. The millet is used by locals to prepare fermented bread known as Lohoh. Lohoh is thick pancake-like livened bread that is similar to Injera a traditional Ethiopian bread made from sorghum. There is no information available regarding the nutritional quality of the bread. Therefore, the objective of this work was to investigate the effect of fermentation on proximate composition, soluble sugars, antinutrients content and amino acids of pearl millet flour used in the preparation of lohoh bread.
Materials and methods

Experiment materials
Pearl millet seeds were obtained from local grain market in Abu-Arish (Jazan region, Saudi Arabia). The seeds were carefully cleaned and freed from foreign materials.
Lohoh preparation
The fermentation was carried out in a traditional way used by housewives. Pearl millet flour was mixed with water in the ratio of 1:2 to make a dough (ajeen) and incubated at 30°C for 24 h in a sterile covered flask, usually by this time the dough would have a good consistency and sour taste. The dough was fermented by adding 5% inoculate (starter) from previously fermented dough to start each subsequent batch. Fermentation was performed in duplicate and sampled every 4 h during the fermentation period. For chemical analysis and antinutrient factor, samples were dried in a vacuum oven at 50°C [Heraucus LBS-Co]. The dried samples were milled to fine powder using a coffee miller then passed through a 60 mesh sieve and kept at 4°C.
Methods
Chemical composition
Moisture, crude protein, fat, and ash of the samples were determined according to AOAC (1995) methods. Carbohydrates was calculated by difference. Glucose, fructose and maltose were determined using chromatographic procedure according to AOAC (1995).
Amino acids
Amino acid composition was determined by Spackman et al. (1958) method. Samples were hydrolyzed by transferring about 100 mg of sample into 15 ml ampoules, adding 5 ml 6.0 N HCl, sealing the vial under vacuum and digesting at 100°C for 24 h. Amino acid analysis was performed with a Shimadzu HPLC Model HP 1090.
Antinutritional factors
The trypsin inhibitor activities of dried flour samples were determined according to the method of Kakade et al. (1969) , using PAPNA (N-bezol-DL-arginine p-nitroanilide) as synthetic substrate. Amylase inhibitor activity was determined according to Deshpande et al. (1982) . The phytic acid content was determined by the ion exchange method of Latta and Eskin (1980) . Tannins content were determined using the vanillin -HPLC method of Price et al. (1978) .
Statistical analysis
Data, expressed as mean value ± standard deviation (SD) of three separate determinations. The data were statistically analyzed using one way ANOVA (Steel and Torri, 1980 ). Duncan's multiple range tests were used to compare means and significance was accepted at P 6 0.05.
Results and discussion
Chemical composition
The changes in proximate composition and soluble sugars of fermented pearl millet flour are presented in Table 1 . The obtained data showed no significant (P P 0.05) change in protein content in pearl millet dough due to fermentation. There was a gradual and insignificant (P P 0.05) decrease in protein content during the first 20 h of fermentation. At the end of fermentation (24 h) there was a significant (P P 0.05) increase in protein content compared to 16 and 20 h to initial level. This increase can be attributed to the loss of dry matter mainly carbohydrates. Our results were in agreement with those reported by Abdalla et al. (1998) , who reported that the protein content was not significantly (P P 0.05) changed in pearl millet during 14 h fermentation. Similarly, Ali et al (2003) and Hassan et al (2006) reported a marginal change in protein content of fermented pearl millet. Contradictory reports on protein content in fermented pearl millet are also available. Elyas et al. (2002) and Inyang and Zakari (2008) reported that fermentation significantly increased protein content of pearl millet, while El Hag et al. (2002) observed a decrease in protein in fermented pearl millet. The same trend was observed with lipid, fermentation also was found to cause no change in lipid content of fermented pearl millet (Table 1) . Similarly Kazanas and Fields (1981) did not observe any significant change in crude fat content of sorghum after natural lactic acid fermentation for 4 days. Little, have been reported, in literature on change in lipid in cereals during fermentation compared to protein and carbohydrates. This may be due to the fact that cereal grains are in general low in fat content. However, such studies are particularly important in pearl millet due to their high crude fat content compared to other cereal and its effect on flour and its products shelf-life. No definite trend was observed on ash content of fermented pearl millet flour. There was a significant decrease at 4 and 20 h followed by an increase to the initial level. Similar trends were observed in sorghum (Kazanas and Fields, 1981) and sorghum and green gram blend (Chavan et al., 1988) . The total carbohydrate significantly decreased from 72.63% to 70.97% after 24 h of fermentation. Early stages of fermentation (4 h) did not change the carbohydrate content.
Between 8 and 12 h, there was a significant (P P 0.05) decrease in total carbohydrate and a corresponding increase in soluble sugars. As the period of fermentation was further prolonged, there was an unexpected, gradual increase of total carbohydrates to the initial level. However at the end of fermentation (24 h) there was a significant (P P 0.05) decrease in carbohydrates level probably due to the utilization by microorganisms. The same general trend has been reported for sorghum (El-Tinay et al., 1979; Kazanas and Fields, 1981; Chavan et al., 1988) . The initial drop in carbohydrate content was attributed to the action of microbial a-and b-amylase, whereas the increase at 16 and 20 h could be due to the termination of starch degradation by low pH which inhibits amylase activity (El-Tinay et al., 1979) , and/or to the presence of tannins that inhibit amylotic enzymes. The analysis of soluble sugars revealed that glucose is the major soluble sugar in pearl millet. There was a gradual significant (P P 0.05) increase in glucose content during the first 20 h of fermentation. At the end of fermentation there was a sharp decrease in glucose content. The increase in glucose content during the first 16 h and the corresponding decrease in total carbohydrate may be due to the increase in microbial amylase activity. The sharp decrease in glucose content at the end of fermentation could be due to utilization of glucose by the microorganisms. Similar to glucose, fructose content significantly (P P 0.05) decreased at end of fermentation. Between 8 and 20 h there was a slight and insignificant increase in fructose content. After 24 h there was significant (P P 0.05) decrease in fructose content from 1.17 g/100 g to 0.64 g/100 g, (45.3% decrease). Similar results were reported in wheat, oats, rice and sorghum (Hamad and Fields, 1979) , finger millet (Sripriya et al., 1996) and pearl millet (Khetarpaul and Chauhan, 1990) . The increase and the decrease in reducing sugars during lactic acid fermentation of pearl millet could be attributed to the action of microflore during fermentation (Khetarpaul and Chauhan, 1990) . Maltose content decreased very rapidly from 1.5 g/100 g to 0.70 g/100 g at 4 h. At the 8 h fermentation no trace of maltose was evident in fermented pearl millet, indicating that maltase is preferentially metabolized by the microorganisms. Similar findings were reported during the traditional process of converting pearl millet into ben-saalga, a fermented gruel in Burkina Faso (Tou et al., 2007) .
Amino acids
The change in amino acids content during the fermentation of pearl millet is presented in Table 2 . A significant (P 6 0.05) decrease in lysine and arginine was observed after 12 h of fermentation of pearl millet. Fermentation for 24 h significantly (P P 0.05) decreased glycine, lysine and arginine content. However, the fermentation did not affect the content of other amino acids. The data on the effect of fermentation on amino acids in the present study conflict with the earlier studies by Hamad and Fields (1979) , who observed a significant increase in lysine during 6 days fermentation of oats, rice, millet and corn. Similar results were also obtained for sorghum, corn and corn plus soy blends (Wang and Fields, 1978; Kazanas and Fields, 1981) , this may be due to short fermentation period used in this study.
Trypsin inhibitory activities
The effect of traditional fermentation process on trypsin inhibitory activity (TIA), amylase inhibitor activity (AIA) phytic acid, and tannins is presented in Table 3 . During 24 h fermentation trypsin inhibitor activity was significantly (P 6 0.05) reduced. Generally, it decreased from 7.33 to 6.65 (9%). A reduction in TIA during natural lactic acid fermentation of cereals has been reported by several investigators. Ejigui et al. (2005) reported 41.7% reduction in TIA in yellow maize during 4 days fermentation in controlled environmental chamber. Similarly, Osman (2004) observed 37-58% decrease in TIA in three sorghum cultivars after 24 h fermentation. A decrease in TIA level has also been reported for corn and corn soybean blend (Chompreeda and Fields, 1981) and in millet based-gruel (Yassmin and Pattabiraman, 1988) . The lower than excepted reduction in TIA (9.0%) indicate the need for longer fermentation period or may due to increase of tannin content during fermentation. Trypsin inhibitor have been implied to be one of the factors responsible for reducing protein digestibility, pancreatic hypertrophy and poor growth performance in rats, mice and chicks (Gertler et al., 1967; Gumbmann et al., 1989; Osman et al., 2003) . Therefore, reduction of TIA may be useful in improving nutritional quality of pearl millet with respect to protein digestibility.
Amylase inhibitory activity
Data on the effect of fermentation on amylase inhibitor activity (AIA) of pearl millet (Table 3) indicated that as the period of fermentation increases a significant (P 6 0.05) decrease in AIA occurred. After 24 h, the amylase inhibitor level reduced from 80.16 to 39.45 (50.8%). Sharma and Kapoor (1996) observed almost complete removal of AIA during 48 h fermentation of pearl millet. Such pattern were also reported on sorghum (Osman, 2004) , and yellow corn (Ejigui et al., 2005) . The reduction in amylase inhibitor could be attributed to the microbial degradation during fermentation. The fermenting organisms have found to process metabolic pathway that degrade and utilize these compounds, that is often lacking in human (Chavan and Kadam, 1989) . Other processes such as heat treatment (Mulimani and Supriya, 1993) , germination (Sathe et al., 1983) , extrusion (Alonso et al., 2000) and radiation (Siddduraju et al., 2002) were also found to reduce amylase inhibitor level. The reduction or elimination of AIA may be useful for improving carbohydrate utilization of pearl millet.
Phytic acid content
During 24 h fermentation of pearl millet, phytic acid content significantly (P 6 0.05) decreases from 647.0 to 310.95 mg/ 100 g (51.9% reduction) ( Table 2) . These results were similar to those observed for pearl millet (Eltayeb et al., 2007; Abdel-Rahaman et al., 2005; El Hag et al., 2002) , sorghum (Abdel-Haleem et al., 2008; Kayode et al., 2007; Towo et al., 2006; Osman, 2004) , rice (Liange et al., 2008) , corn (Lopez et al., 1983) , and maize (Abedel-Hady et al., 2005; Ejigui et al., 2005) . The decrease in phytic acid content may be attributed to microbial phytase and endogenous pearl millet phytic.
Tannins content
Data on the effect fermentation on tannin content of pearl millet is shown in Table 3 . In contrast to enzymes inhibitors and phytic acid, tannin content significantly (P 6 0.05) increased with increase in fermentation period. Significant (P P 0.05) increase in tannin was first observed after 8 h of fermentation. Between 8 and 16 h, there was a slight and insignificant (P 6 0.05) increase in tannin content. After 20 h significant decrease in tannin was observed compared to 16 h, but significantly higher than initial content Overall the tannin content increased from 0.010 to 0.035 (350%). Similar trend was observed during the brewing process of opaque sorghum beer (Kayode et al., 2007) . Abdel-Rahaman et al. (2005) observed a significant decrease in tannin content of pearl millet during 8 h of natural fermentation. However, when the fermentation was continued up to 12 h there was a gradual and significant increase in tannin content. Contrary to our study, tannin content was reported to decrease during natural lactic acid fermentation in pearl millet, sorghum, and maize (El Hag et al., 2002; Osman, 2004; Abdel-Haleem et al., 2008; Abedel-Hady et al., 2005) . The increase in tannin content could be attributed to hydrolysis of condensed tannins such as proanthocyanidin. While the decrease may be due to their binding with cotyledon endosperm that are usually undetected by routine method due to their insolubility in solvent (Emambux and Taylor, 2003) or may be due to microbial phenyl oxidase action.
Conclusion
The fermentation process was found to cause no changes in protein, lipid and ash contents, but it significantly reduced carbohydrate content. The change in amino acids was varied, glycine, lysine and arginine were significantly decreased during fermentation. Fermentation process significantly reduced the enzymes inhibitors and phytic acid whereas tannin content increased. This increase in tannins content may adversely affect the nutritional quality of lohoh bread. 
